There has been continuing growth in the number of PVC membrane electrodes that have been prepared for a variety of substances. These electrodes can be prepared by incorporating any of the many ion-exchanger or neutral-sequestering agents within a plasticized PVC matrix, and used as very useful tools for clinical, chemical and environmental analysis. 1 and Schiff-base complexes 6 have been reported as possessing improved characteristics in selectivity. Despite an urgent need for a triiodide-selective sensor for a direct determination of iodine or an indirect determination of some important specific oxidizing substances in many industrial, medical and environmental samples, there has been limited reports on a triiodide ion-selective electrode in the literature.
Introduction
There has been continuing growth in the number of PVC membrane electrodes that have been prepared for a variety of substances. These electrodes can be prepared by incorporating any of the many ion-exchanger or neutral-sequestering agents within a plasticized PVC matrix, and used as very useful tools for clinical, chemical and environmental analysis. 1, 2 Research on anti-Hofmeister sensing materials for anions is an expeditiously expanding domain in chemical sensors. Recently, anion membrane electrodes, especially those based on vitamin B12 derivatives, 3 metalloporphyrins, 4 metallophthalocyanines 5 and Schiff-base complexes 6 have been reported as possessing improved characteristics in selectivity. Despite an urgent need for a triiodide-selective sensor for a direct determination of iodine or an indirect determination of some important specific oxidizing substances in many industrial, medical and environmental samples, there has been limited reports on a triiodide ion-selective electrode in the literature. 7, 8 We recently studied the electrochemical behavior and some chemical properties of various antifungal drugs containing piperazine or imidazole groups such as, ketoconazole in aqueous and non-aqueous media. [9] [10] [11] [12] In this work, we initially studied the reaction between clotrimazole (CT) (a drug containing an imidazole ring) and triiodide ions. We found that the protonated clotrimazole (CTH + ) is precipitated in the presence of excess I3 -ions as a (CTH)I3 ion pair. Since the obtained ion pair is very stable and insoluble in aqueous solutions, we therefore employed this ion pair to prepare a new solvent polymeric membrane sensor for selective monitoring of the I3 -ion. Applications of the proposed membrane electrode as an indicator electrode in the potentiometric titration of triiodide ions in solutions and in the indirect potentiometric determination of CT from pharmaceutical preparations were investigated.
Experimental

Reagents and chemicals
Reagent-grade benzyl acetate (BA), 2-nitrophenyl octyl ether (NPOE), nitrobenzene (NB), acetophenone (AP), bis(2-ethyl hexyl) sebacate (DOS), tetrahydrofuran (THF), chloroform and high relative molecular-weight PVC were purchased from Aldrich and used as received. Reagent-grade CT, oleic acid (OA), tetraphenyl phosphonium chloride (TPPC), iodine and all of the anionic salts used (all from Merck) were of the highest purity available, and were used without any further purification. Aqueous solutions were prepared by dissolving the appropriate salt or diluting standard solutions as specified in doubly distilled water.
Apparatus
A WTW multilab 540 Ionalyzer (Germany) pH/mV meter was used for the potential and pH measurements at 25.0 ± 0.1˚C. The cell used was of the type Ag/AgCl, KCl (3 M) | internal solution KI3 (0.01 M) | PVC membrane | test solution | Ag/AgCl, KCl (3 M). The activities of anions were calculated using the Debye-Hückel procedure. 13 An LKB Model 4054 UV-Vis recording spectrophotometer with 10 mm quartz cells was used for absorbance measurements.
Preparation of ion-exchanger (CTH)I3
To a 10 ml aliquot of a 0.01 M aqueous CT solution containing a few drops of HCl (1 M) was slowly added a triiodide solution (0.01 M) with continuous stirring until precipitation was completed. The resulting brown ion-pair precipitate was isolated by filtration, washed thoroughly with deionized water and dried at 40˚C. The composition of the formed ion pair was confirmed by a chemical analysis as well as UV-Vis spectroscopy.
Preparation of the membrane electrode
The general procedure to prepare the PVC membrane was to thoroughly mix 46 mg of powdered PVC, 1.5 mg of the ion pair ((CTH)I3) and 103 mg of a plasticizer (NPOE). The mixture was then dissolved in 5 ml of dry freshly distilled THF. The resulting mixture was evaporated slowly until an oily concentrated mixture was obtained. A Pyrex tube (3 -5 mm o.d.) was dipped into the mixture for about 10 s, so that a membrane of about 0.3 mm thickness was formed. The tube was then pulled out from the mixture and kept at room temperature (25.0 ± 1˚C) for about 1 h. The tube was filled with 0.01 M triiodide as an internal solution. The electrode was conditioned by soaking in a 0.01 M triiodide solution for 2 h. A silver/silver chloride electrode was used as an internal reference electrode.
Results and Discussion
Study of the reaction between clotrimazole and I3 -ions
Clotrimazole
, is an imidazole antifungal agent with similar antimicrobial action and activity to that of ketoconazole. 14 In preliminary experiments, we found that there is a specific interaction between the I3 -ion and an acidic solution of CT, so that the protonated form of clotrimazole (CTH + ) was immediately precipitated in the presence of excess I3 -ions. The obtained results from the determination of unreacted I3 -ions in a filtrated solution clearly indicated that an ion pair with a ratio of 1:1 was formed.
In order to obtain a clue about the interaction mechanism of I3 -ions and protonated clotrimazole, the UV-Vis spectra of the CT and (CTH)I3 in chloroform were recorded; the results are shown in Fig. 1 . As can be seen, while the CT solution was colorless and had no absorbance in the visible region, the ionpair solution in chloroform was yellow and had two sharp peaks at 293 and 365 nm, which are characteristic of triiodide free (or solvent separated) ions. 15, 16 Thus, due to the stability and insolubility of the resulting ion pair in aqueous solutions, it was tested as a suitable anion sensory for the triiodide ion for use in a new PVC-based membrane.
Triiodide ion-selective electrode
During the past two decades, the design and synthesis of anion sensory molecules for ion-selective electrode applications has been a challenging subject. The designing strategy for obtaining highly selective anion sensing materials is usually more difficult than in the case of cation ionophores, which have been successfully designed based on electrically neutral ionophores of acyclic and cyclic type ligands. 17, 18 A large number of anion-selective liquid membrane electrodes based on classical ion exchangers, such as quaternary ammonium salts, phosphonium salts and oxonium salts, have been described. 19, 20 Therefore, we were interested in preparing a new solvent polymeric membrane sensor for the selective monitoring of the triiodide ion in solution based on the (CTH)I3 ion pair as a suitable sensing material. Thus, in preliminary experiments, (CTH)I3 was used as an ionophore to prepare a PVC membrane ion-selective electrode for a variety of anions. The potential responses of various anion-selective membranes based on ion pairs are shown in Fig. 2 . As can be seen, this membrane displays remarkable selectivity for I3 -over most common anions. However, the membrane without an active material (blank membrane) resulted in no significant selectivity toward I3 -and other anions. As can be seen, with the exception of the I3 -ion, all anions tested showed negligible responses in the concentration range 4.0 × 10 -6 -1.0 × 10 -2 M, due to very weak interactions with the membrane. However, the triiodide ion resulted in a super-Nernstian potential response over a relatively wide concentration range. It is well understood that the sensitivity, linearity and selectivity obtained for a given ionophore depends significantly on the membrane composition. 17 Thus, the influences of the amount of ionophore, the nature of the plasticizer and the nature of the additive on the potential response of the membrane sensor were investigated while keeping the PVC:plasticizer ratio at about 1:2. The results are summarized in Table 1 . As is obvious from The critical response characteristics of the electrode were assessed according to IUPAC recommendations. 21 The emf response of the PVC membrane at varying concentrations of triiodide ion indicate a linear range from 8 × 10 -6 to 5 × 10 -3 M (Fig. 3) . The detection limit of the I3 -ion, as determined from the intercept of the two extrapolated segments of the calibration graph, is 5 × 10 -6 M. The standard deviation of ten replicate measurements was ±0.5 mV.
The sensing behavior of the membrane remained unchanged when the potentials were recorded from low to high concentrations, or vice versa. The prepared ion membrane could be used for 3 months without any considerable divergence in the potential.
Effect of the pH
The electrode potential is independent of the pH in the range 2 -9 (Fig. 4) . Over this range the potential does not vary by more than ±2 mV for a 10 -3 M I3 -solution. In highly alkaline media the potential increased sharply, most probably due to a disproportion reaction of I3 -, resulting in the formation of hypoiodate and iodide, 22 both of which are insensitive to the membrane electrode. On the other hand, for pH >9, a serious interference from OH -on the protonated CT of the membrane becomes significant. Below pH 2, the slight increase in the potential may be due to interference of the H3O + on I3 -ions, so that the activity of I3 -ion is diminished in solution.
Response time of the electrode
For analytical applications, the response time of a membrane sensor is of critical importance. The average time required for the I3 -selective membrane electrode to reach a potential within ±1 mV of the final equilibrium value after successive immersion of a series of I3 -ion solutions, each having a 10-fold difference in concentration, was measured. The static response time of the thus-obtained PVC membrane was less than 5 s. Over the entire linear concentration range, the potentials remained constant for more than 5 min.
Selectivity of the electrode
In general, ion-exchange electrodes are less selective than the other types of ion-selective electrodes; hence, an appreciation of the selectivity of an electrode is essential in the developing an analytical method. This is usually expressed in terms of the potentiometric selectivity coefficient (K B,A pot ). In this work, the potential response of the proposed I3 -ion-selective electrode to other anions was investigated by a fixed-interference method 23, 24 using the expression K B,A pot = aB/(aA) 1/z , where aB is the activity of the triiodide ion and aA is that of the interfering anion. As can be seen, the proposed triiodide sensor is highly selective with respect to anions such as SO4 2-, C2O4 2-, Cl -with selectivity coefficients <10 -3 . In the case of other anions tested, the selectivity coefficients were approximately 10 -3 . The resulting thus-obtained selectivity coefficient values for the proposed I3 -ion-selective electrode are summarized in Table 2 . The high selectivity of the membrane electrode for the triiodide ion over other anions used most probably arises from the strong tendency of the carrier (CTH + )I3 -adduct.
It is worth mentioned that the dynamic linear range of the proposed electrode is relatively low in comparison to that of a previously reported triiodide electrode, 8 though the independent of the potential response over a wider pH range; especially in acidic media, a very small static response time as well as facility preparation and purification of the ionophore are absolutely advantageous over the previously reported I3 -PVC membrane electrode based on a charge-transfer complex of iodine with 2,4,6,8-tetraphenyl-2,4,6,8-tetraazabicyclo[3.3.0]octane. 8 On the other hand, the membrane used in the present work shows a selectivity similar, in most cases, or even superior, in some cases, to the sensors prepared previously. 7, 8 
Direct potentiometric titration of I3 -ions
The electrode was successfully used as an indicator electrode in the titration of 25 Table 1 Optimization of the membrane ingredients shown in Fig. 5 . As shown, the amount of I3 -ions in solution can be accurately determined by using the proposed electrode.
Indirect potentiometric titration of clotrimazole
The method is based on a reaction of the protonated CT with known excess triiodide ions and subsequent potentiometric titration of the remaining triiodide ions with a standardized thiosulfate solution using the proposed electrode. The proposed method was successfully applied for the determination of CT in tablet, cream and typical solution samples. The results were compared with the official method, 30 and are summarized in Table 3 . It is noteworthy that the proposed method is very simple, accurate, precise and inexpensive compared to other methods reported in the literature, including spectrophotometry, 25, 26 HPLC, 27 titrimetry 28 and polarography. 29 
Conclusions
The results obtained in the present work demonstrate that the clotrimazole-triiodide ion pair as a new ionophore can be used in the development of a PVC-based triiodide ion-selective electrode. The electrode responds to the I3 -ion in a superNernstian fashion, and presents good selectivity and a good detection limit. The electrode is characterized by a fast response, a reasonable long-term stability and low cost. The proposed I3 -membrane electrode may be used for the determination of some important environmental as well as pharmaceutical organic molecules in fields related to chemistry, such as clinical and drug analysis after the oxidation of iodide to triiodide, or direct titration with a triiodide solution.
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